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third of adults are insufficiently active. [1] The current recommendation is that adults should take part in physical activities of moderate intensity for at least 30 minutes on at least five days a week or in vigorous-intensity aerobic physical activity for a minimum of 20 minutes on three days each week. Combinations of moderate-and vigorous-intensity activity can be performed to meet this recommendation. [2] However, many fail to achieve the recommended levels, and workplace stress may contribute to this. Stressful working conditions can result in fatigue and incomplete recovery. In addition, they may limit the individual's ability to make positive changes to their lifestyles, [3] and impede the implementation of exercise intentions. [4] To date, evidence on the status of workplace stressors as a risk factor for insufficient physical activity is mixed, with some studies supporting this association, [4] [5] [6] [7] [8] [9] [10] [11] while others reporting null findings. [12, 13] Methodological limitations including the use of cross-sectional design in many studies, may have contributed to some of the inconsistencies in earlier studies. The assessment of workplace stress has typically been based on measurement at a single time point which may fail to capture the effects of change and longer-lasting exposure. [14] In addition, most studies have assessed job strain stressors only whereas research on the relationship between effort-reward imbalance and physical activity is scarce.
To overcome these limitations, we conducted a large-scale study in Finnish employees to investigate the association between change in workplace stressors and change in physical activity among those with a change in both the exposure and outcome across the 3 survey phases. In addition, we examined whether repeated exposure to workplace stressors was associated with an increased risk of insufficient physical activity.
METHODS

Sample and design
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Measures
Workplace stressors
Multiple workplace stressors based on two leading stress models, the job strain model (also known as the demand-control model), [16] and the effort-reward imbalance (ERI) model, [17] were measured. As previously, [18] workplace stressors were assessed in two ways: (a) using each individual's own assessment, and (b) summing up the assessments of co-workers and linking that score to each employee in the work unit. In other words, in addition to workplace stressor scores based on self-report, every participant was linked to scores that were compiled from all co-workers' responses in the same work unit but excluded the participant's own response. Co-worker assessed scores were constructed to address potential reporting bias, i.e.
to eliminate artificial inflation of associations due to common methods to assess the exposure and the outcome.
Assessment of job strain was based on the modified Job Content Questionnaire. [16] Three questions addressed job demands, that is, having high workload and working at a high pace and not having enough time to complete work tasks (Cronbach's alpha = 0.76). Job control was assessed with nine questions about the worker's ability to use and develop skills and exert decision authority (Cronbach's alpha = 0.82). The responses were given on a Likert scale ranging from 1 = "very little" to 5 = "very much". To construct a job strain measure, the means of job demand scores were subtracted from the means of job control scores. [19] As in 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 previous studies, [18, 20] for both self-reported and co-worker assessed job control, demands and strain, scores were further divided into tertiles for between-subjects analysis. Repeated exposure to workplace stress over Time 1 and Time 2 was measured by adding together the number of times (0, 1, or 2) the participant was in a low control, high demands, or a high strain job, respectively. In within-subject analyses, job strain stressors were dichotomised using the median split (high vs. low).
Effort was measured with the following item: "How much do you feel you invest in your job in terms of skill and energy?" Rewards were assessed with a scale containing three questions about feelings of getting in return from work in terms of income and job benefits, recognition and prestige, and personal satisfaction (Cronbach's alpha = 0.64).
[21] Response format for all the questions was a 5-point Likert scale ranging from 1="very little" to 5="very much". The indicator of ERI was obtained by calculating the ratio between the response score in the effort scale and the mean response score in the reward scale. The present measure of ERI has been shown to be an independent measure of workplace stress and has been associated with health and health behavioural outcomes in earlier cross-sectional studies. [11, 21, 22] As in previous studies, the distributions of the individual and co-worker assessed effort, rewards, and ERI scores were divided into tertiles for between-subjects analysis. [11, 20] The accumulation of exposure to low effort, low rewards, and high ERI over the two measurement points was computed by adding together the number of times the participant was in the most unfavourable tertile. In within-subject analyses, ERI stressors were dichotomised using the median split (high vs. low). 
Insufficient physical activity
Statistical analysis
To analyse within-subject changes, the fixed-effects methods using conditional logistic regression with time-discrete variables was applied to model the effect of change in workplace stress on change in physical activity among those with a change in both the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 exposure and outcome across the 3 survey phases (N=6665). In relation to the exposure, 'change' refers to moving from the low-stress group to the high-stress group during the follow-up; or from the high-stress group to the low-stress group. In a similar way, in relation to the outcome, 'change' refers to moving from the insufficiently active group to the sufficiently active group, or vice versa. In within-subjects analysis the aim is to examine whether in repeated measurements the changes in the exposure and outcome variables of interest are in the same direction. Fixed effects methods can be applied in cohort studies using a case-control design, in which the individual is at the same time his/her own case and control. This is possible with repeated measurements when the same individual is, for example, insufficiently active (case) at one study phase and sufficiently active (control) at another study phase. The research question is whether the indvidual reports high workplace stress when he/she is a case compared to when he/she is a control. More specifically, this analysis enabled us to examine whether physical activity decreases when workplace stress increases. In the analysis of longitudinal data, the fixed-effects method offers the advantage of controlling for stable characteristics of individuals, whether measured or not, by using within-subject variation only to estimate the regression coefficients. [31] Because the case and the control share all stable (e.g. sex, genes) and non-measured (e.g. personality)
characteristics, all examined exposures and covariates need to be time variant.
In addition, logistic regression analysis was applied to examine the associations between repeated exposure to workplace stressors at Time 1 and Time 2 and insufficient physical activity at Time 3. The results are presented as adjusted odds ratios (ORs) and their 95% confidence intervals (CIs). The contribution of the covariates to the associations between workplace stressors and insufficient physical activity was examined by including each of the following sets of factors in turn: baseline insufficient physical activity, socio-demographics (sex, age, SES, marital status, working hours, and employer type), and health status and 
RESULTS
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DISCUSSION
The present study investigated the relationship of repeated exposure to and a change in workplace stressors, and insufficient physical activity in a large sample of Finnish public sector employees. The results from the fixed-effect analyses suggest that an increase in workplace stress is related only to a very slight increase in insufficient physical activity within an individual. Moreover, the between-individual comparisons showed that repeated exposure to low job control and low rewards were weakly associated with an elevated likelihood of insufficient physical activity in a dose-response manner. c effects were obtained using both individual and co-worker assessed scores, which supports the assumption that the health behavioural consequences of workplace stress may not depend only on the perceptions of an individual but also on external working conditions. However, again the effect sizes were small.
Previous research on workplace stress and leisure-time insufficient physical activity predominantly relates to the job strain model. Some earlier cross-sectional, [6, 8] and We found evidence for a weak association between chronic exposure to low job control and low rewards and the risk of insufficient physical activity. Lack of control at work may spill over to leisure time and be connected to feelings of helplessness, which may make participation in physical activities more challenging. [9] Furthermore, it has been suggested that employees with low job control may have less time to plan opportunities or adjust their leisure time for participating in physical activities. [9] Repeated exposure to low rewards may be associated with insufficient physical activity potentially through its association with fatigue. Low rewards have predicted fatigue in previous studies. [32] 
Study strengths and weaknesses
To our best knowledge, this is the first large-scale study which examined the relationship between repeated exposure to both job strain and ERI stressors in relation to insufficient physical activity. A particular strength of this study is its longitudinal design where we can employ analysis of change. Other merits of this study include simultaneous inclusion of a number of covariates, non-response patterns that are unlikely sources for major selection bias, and the operationalisation of insufficient physical activity corresponding to the contemporary recommended guidelines of minimum level of physical activity for adults. [2] Moreover, co-worker assessment was used to measure workplace stress. The advantage of using co-worker assessment is that common method bias, which of particular concern when both the independent and dependent variables are perceptual measures derived from the same 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Nevertheless, some limitations need to be taken into account. First, physical activity was measured by self-reports. This method is common practice in large-scale epidemiological studies,[24] but is affected by reporting bias. Second, the use of co-worker assessed scores in measuring workplace stress may reduce self-report bias, but at the same time it is insensitive to true differences in workplace stressors between the employees within a work unit. Third, even if prospective data were used it is not possible to fully exclude the possibility of reverse causation, that is, if employees experience more workplace stress because of lack of physical activity. Lastly, although the large size and diversity of the sample guarantees a certain generalisation of the results, the present data were female-dominated and from the Finnish public sector and cannot be assumed to represent the general population.
CONCLUSIONS
This large-scale prospective study shows that an increase in workplace stressors, such as low control, high job strain and low effort, was weakly associated with an increase in insufficient physical activity within an individual. In addition, we found a weak dose-response association between repeated exposure to workplace stressors and the likelihood of insufficient physical activity. Our findings provide one plausible mechanism mediating the previously observed effects of workplace stressors on morbidity, such as depression [33] and 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 [34] This study suggests that interventions to support physical activity among stressed employees could prevent from some of the adverse health effects of chronic workplace stress, but job stress intervention studies are needed to confirm this. The fact that in the present study the effect sizes were small indicates that other factors such as physical inactivity in childhood [35] may be more important predictors of insufficient physical activity in working populations.
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WHAT THIS PAPER ADDS?
• Many fail to achieve the recommended levels of physical activity, and workplace stress may contribute to this
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